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Abstract 
This paper presents a hybrid ring microgrid and its coordinated control for efficient energy management. The proposed microgrid 
is fed from both utility grid and renewable sources. When energy generated from renewable sources are sufficient enough to meet 
load demand, utility grid is disconnected from the former. If surplus energy is generated from renewable sources, it is exported to 
utility grid. When utility grid fails or suffers any power quality issues, microgrid operates in islanded mode. Proposed microgrid 
consists of both AC bus as well as DC bus in a ring structure. All renewable sources are to be interconnected to DC buses, which 
eliminates the necessity of complex synchronization circuitry. Also, the ring structure facilitate better voltage profile and higher 
reliability to consumers within the microgrid when compared to existing radial microgrids. Topology of the proposed microgrid 
and its control are discussed in this paper. Case studies are conducted and results are observed in MATLAB/SIMULINK platform. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
A Microgrid is an interconnection between locally distributed sources and loads using distribution lines in a 
small area. Any small scale power station with its own distribution and utilization within themselves under definable 
boundaries qualifies as a micro grid. Micro grids can be operated in two modes of operations, viz. grid connected 
mode and islanded mode. These operating modes facilitate electric power of improved reliability and power quality 
to the consumers [1-2]. Microgrids can be incorporated with multiple renewable/nonrenewable sources with optimal 
power sharing.  However, incorporating these multiple sources to utility grid demands complex synchronizing 
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circuitry at source level. Also multiple power electronic converters are required for efficient interconnection of each 
sources, which in turn increases the converter related losses. Majority of the existing microgrid topologies are having 
radial structure which incur poor voltage distribution when loads are widely dispersed. 
This paper proposes a hybrid ring microgrid topology with five energy management schemes to overcome 
the abovementioned limitations of existing microgrids. As the name indicate, the proposed microgrid has ring structure 
which deliver better voltage profile when compared to radial structure. The proposed topology includes two ring buses 
namely, AC ring and DC ring, in which all microgrid sources are interconnected to DC ring. This facilitate easier 
interconnection of all sources without complex synchronizing circuitry. The DC bus and AC bus are interconnected 
with a bidirectional inverter through which all the AC loads are fed during islanded mode. A total of five energy 
management schemes are associated with the proposed microgrid system, which are controlled by hybrid microgrid 
control center. 
2. Proposed Hybrid Microgrid Ring Model 
There are many possible configurations in micro grids, ranging from very small systems serving a single 
customer site up to large systems that serve hundreds of customers. Micro grids can be employed within radial and 
looped or networked architectures. For reasons of reliability and control flexibility, if a system were intended for high 
reliability, it would likely employ a looped or networked configuration. This would also show redundant power flow 
path between the widely distributed generating sources and loads and improved voltage regulation. While designing 
possible micro grid architecture, some important factors that can include are number of customers, full time or part 
time, physical length of the grid, types of the load to be served, used voltage levels, feeder configuration, heat recovery 
options provided, reliability levels, control and protection methods. Based on above factors, it is understood that there 
is no particular system design that can be universally applied to all micro grids. 
Micro grids may be applied in a large range of sizes and configurations. The fig.1 shown represents the very 
evolved form of hybrid micro-grid system. It is composed of large number of renewable energy resources and 
distributed generators and they are connected in such a way that the power is equally shared within the loop. This type 
of micro-grid makes more sense in suburban areas that need very high reliability. This structure given reflects two 
buses, where AC and DC buses are employed for efficient utilization of renewable energy that are connected to DC 
bus. The outer most ring structure represents the AC bus where domestic loads, water pumps, lighting loads and other 
AC loads are connected. The inner ring structure represents the DC bus in which all renewable energy resources are 
connected along with the other DC loads. Through a PCC the utility grid is connected to the AC bus using a 1:1 
transformer, so that whenever there a failure occurs the power is taken from the grid to satisfy the demand of the 
connected loads. The proposed topology of hybrid micro grid system reveals the stable power distribution system. 
When hybrid micro-grid is operating in grid connected mode, the power is taken from the utility grid where 
the grid operates in both positive power balance and negative power balance. In positive power balance the power is 
taken to grid and in negative power balance the power is taken from the grid. Positive power balance determines when 
demand is excessively satisfied by the generating power that has been generated from the renewable resources; the 
extra power is taken back to the grid so that the overall power the system utilized will get reduced. For grid connected 
system, the generator must be properly synchronized with the main utility system prior to connecting with the system 
and picking up the load. Otherwise, a severe damage will occur. The generator must not adversely affect the voltage 
regulation, reliability, power quality on the bulk system while the micro grid system is connected to the utility system. 
When the system is directly connected to the utility grid, the magnitude of DC bus side voltage can be regulated using 
parallel inverters and renewable energy resources that are located in DC bus. Also, the boost converter tracks the 
maximum power point of the PV panel while the system is operating in grid connected mode. In addition, a battery 
charge controller is provided having a battery and a super capacitor to the DC bus through a bidirectional DC/DC 
converter. 
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Fig. 1. Topology of proposed hybrid ring microgrid system. 
An inverter is designed in order to provide a pre-defined reactive power. The control scheme proposed and detailed 
schematic diagram is shown in fig.2. It shows the inverter control during grid is directly connected for the proposed 
hybrid micro grid system. To implement a smooth exchange of power between AC and DC grids and to supply reactive 
power, a three phase PLL control is implemented using current controller for the inverter. Two PI controllers are used 
in order to provide real and reactive power control respectively. Using PI regulation, the DC bus voltage is adjusted 
whenever there is a change in resource voltage conditions or load capacities conditions. The PI controller is set as 
instantaneous active current Iα reference whereas the instantaneous reactive current Iβ reference are determined using 
required power export values. The inverter is controlled to transfer the power from DC bus part to AC bus part when 
there is a sudden DC load drop causes power surplus in DC bus side. The error caused by the sudden drop is passed 
through PI controller and it is fed through a current limiter to limit the value producing gate pulses using a PWM 
generator. Therefore, the power surplus of the DC grid is transferred to Ac grid. Similarly, whenever a sudden increase 
of DC load occurs and causes a shortage in power, the inverter is controlled to supply power from ac Grid to DC grid. 
 
When hybrid micro-grid system is operating in islanded mode of operation, the boost converter and the inverter 
may operate based on system power balance and energy constraints. While operating in islanded mode, regardless of 
the size of micro-grids, it must take on key control responsibilities. While the generation is operating in islanded mode, 
the generator should be able to provide adequate voltage and frequency control, suitable harmonic levels, the ability 
of load flow and adequate reactive power for loads. The battery converter operates in discharging mode based on the 
power balance in the hybrid micro-grid system. The inverter acts as a voltage source to provide a stable voltage and 
frequency for the AC grid. The control scheme proposed and detailed schematic diagram is shown in fig.3, where 
instead of three phase PLL control positive sequence extractor is used. For smooth power exchange the inverter can 
also be operated as converter between AC and DC links. The inverter will operate in inverter mode whenever the real 
power from renewable resources is lesser than the real power loads connected to the AC bus and it will operate in 
converter mode whenever the real power from renewable resources is greater than the real power loads connected to 
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the AC bus system. The control objective of the inverter control is to provide a high quality ac voltage with good 
dynamic response at different load conditions. 
 
The islanding technique is one of the main functions for essential operation of distributed generation systems. Many 
islanding detection and control techniques have been developed for conventional and power converter based 
distributed generators and different micro grids. Those techniques can be modified in to new version and implemented 
in this proposed hybrid micro-grid system to make the system work smoothly and could transfer smoothly from grid 
tied to islanded mode of operation. 
 
Fig. 2. Inverter control during grid connected mode of operation of proposed hybrid ring microgrid. 
Fig. 3. Inverter control during islanded mode of operation of proposed hybrid ring microgrid. 
3. Energy Management in Hybrid Microgrids 
The fundamental goal of energy management is to produce goods and provide services with the least cost 
and least environmental effect. It includes planning and operation of energy –related production and consumption 
units. It is the proactive, organized and systematic coordination of procurement, conversion, distribution and the use 
of energy to meet the requirements, taking into account environmental and economic objectives. The proposed 
microgrid is having various energy management schemes as shown in Fig. 2. It includes different operating modes of 
a hybrid micro-grid system. Basically, system is connected in grid tied mode and islanded mode. In grid tied mode, 
the system is operated under the utility grid which is connected through a power control circuit (PCC) switch, so that 
all the loads that are connected to the AC as well as DC bus will utilize the power from or to the utility grid. It is again 
subdivided in to two parts; positive power balance and negative power balance. The energy management in positive 
power balance is done by sharing the power between buses and the utility grid whenever there is a surplus amount of 
power in the micro-grid system. This surplus amount of power is transferred to the utility grid using various control 
schemes and various elements. In the same way, the energy is shared between buses and utility grid, whenever there 
is a reduction in the amount of power, by transferring the power from utility grid to the micro-grid system. Thus the 
energy is utilized efficiently without causing any further power losses within the system. In islanded mode of 
operation, the connection between is utility grid and the system is isolated, so that the power is managed within the 
system. The energy is managed based on the discharging, charging and idle operation of battery. 
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Fig. 4. Energy management schemes in proposed hybrid ring microgrid. 
4. Results and Discussion 
Results of the cases studies are discussed in this section. The inverter output voltage before filtering is shown in 
Fig. 5. (a) After filtering it is stepped up to meet the grid voltage and the corresponding voltage is shown in Fig. 5.(b). 
During grid connected mode with negative power balance, the active and reactive power absorbed from utility grid 
are shown in Fig. 6. (a) and (b) respectively. During this condition, the active and reactive power outputs of the inverter 
are shown in Fig. 7. (a) and (b) respectively. During positive power balance, the active power exported to utility grid 
and reactive power absorbed from utility grid are shown in Fig. 8. (a) and (b) respectively. Phase voltages of various 
locations within microgrid are shown in Fig. 9 which shows that voltage has been uniformly distributed within the 
microgrid. 
Table 1. Specifications Adopted. 
 
 
 
 
 
 
 
 
 
 
No. Specification item Details 
1 AC ring voltage 440 V 
2 DC Ring Voltage 500 V 
3 Step up transformer interconnecting inverter and AC ring 220/440V, 100 kVA 
4 Total AC load 11 kw at 0.9 power factor  
5 DC and AC Ring distance (circumference) 2 km 
6 Battery Stack 24 V modules with total 1000 Ahr 
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Battery bank has been modelled as illustrated in [17], taking into account self-discharge, battery storage capacity, 
internal resistance, overvoltage and environmental temperature. Behaviour of the different battery parameters are 
represented by nonlinear components found using manufacturers specifications and experimental tests. 
Solar panels have highly nonlinear current-voltage and power-voltage characteristics with solar irradiation levels 
and cell temperature. The equivalent circuit of a practical solar panel is developed using one light generated current 
source, one diode, a series resistor indicating resistive voltage drop, and one parallel resistor indicating leakage voltage 
drop, as presented in [18]. Voltage-current relation of a solar panel follows the expression given by (1).  
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From (1), Iph is the light generated current, Is is the cell saturation current, Vt is the thermal voltage of the array, Vo, 
Io are the output voltage and current respectively, “a” is the ideal factor and Rsh, Rs are the shunt and series resistance 
respectively. The light generated current or photo current from the solar panel is given by (2). 
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From (2), Iphn is the Light generated current at nominal conditions (usually 25°C and 1000 W/m2), ΔT is the 
difference between actual temperature value and nominal temperature value in Kelvin. KI is the Current coefficient, G 
is the solar irradiation level on device surface in W/m2, Gn is the nominal value of solar irradiation on device surface in 
W/m2. The cell saturation current (Is) in (1) is given by (3). 
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Where IScn is the nominal value of short circuit current, Vocn is the nominal value of open circuit voltage, and Kv is 
the voltage coefficient [18]. 
Boost converter connected to solar panels and battery bank are designed based on [19]. Values of inductance (L) and 
capacitance (C) are estimated as given in equations (4-5) respectively. 
ܮ ൌ ௏೔೙ሺ௏೚ೠ೟ି௏೔೙ሻο௜ಽ௙ೞ௏೚ೠ೟       (4) 
ܥ ൌ ூ೚ೠ೟஽ο௩೚ೠ೟௙ೞ       (5) 
 
Where, Vin and Vout are input and output voltages of boost converter, Δil and Δvout are permissible current and voltage 
ripples, fs is switching frequency and D is the duty cycle. Voltage ripple is assigned with a value of 10mV in this paper 
and current ripple is estimated based on equation (6) 
ο݅௅ ൌ ͲǤ͵ܫ௢௨௧
௏೚ೠ೟
௏೔೙
     (6) 
`Where, Iout is the rated output current. 
 
Fig. 5.  (a) Inverter output voltages before filtering; (b) Inverter output voltage after filtering and stepping up by a transformer. 
a b 
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Fig. 6. (a) Active power absorbed from utility grid when microgrid is working in negative power balance; (b) Reactive power absorbed from 
utility grid when microgrid is working in negative power balance. 
 
 
 
 
Fig. 7. (a) Active power export from the inverter; (b) Reactive power export from the inverter. 
 
 
 
Fig. 8. (a) Active power export to utility grid when microgrid is operating in positive power balance; (b) Reactive power absorbed from utility 
grid when microgrid is operating in positive power balance. 
a b 
a b 
a b 
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Fig. 9. RMS phase voltages at various locations within microgrid 
5. Conclusion 
A hybrid ring microgrid and its energy management schemes are discussed in this paper. The ring topology of the 
proposed microgrid facilitate better voltage profile when compared to existing conventional microgrid. The proposed 
microgrid can be operated in grid connected mode as well as islanded mode. Case studies are conducted to validate 
the stable operation of proposed system and results are validated through simulation studies conducted on 
MATLAB/SIMULINK platform. 
References 
[1] Poh CL, Ding L, Yi KC, Frede B. Autonomous Operation of Hybrid Microgrid With AC and DC Subgrids. 
[2] Peng W, Chi J, Dexuan Z, Yi T, Poh CL, Fook HC. Distributed Control for Autonomous Operation of a Three-Port AC/DC/DS Hybrid 
Microgrid. 
[3] Maxx P, Narciso FM, Arunachala MK. Hybrid Microgrid Model Based on Solar Photovoltaic Battery Fuel Cell System for Intermittent Load 
Applications. 
[4] Navid E, Ebrahim F. Power Control and Management in a Hybrid AC/DC Microgrid. 
[5] Ritwik M. A Hybrid Microgrid With DC Connection at Back to Back Converters. 
[6] Poh CL, Ding L, Yi KC, Frede B. Autonomous Control of Interlinking Converter With Energy Storage in Hybrid AC–DC Microgrid. 
[7] Investigation of the Technical and Economic Feasibility of Micro-GridBased Power Systems. 2001. 
[8] Chiradeja P, Ramakumar R. An approach to quantify the technical benefits of distributed generation. IEEE Trans. 2004;19;4:764–773. 
[9] Xiong L, Peng W, Poh CL. A Hybrid AC/DC Microgrid and Its Coordination Control. 
[10] Dugan RC, McDermott TE. Distributed generation. IEEE Ind. 2002;8:19–25. 
[11] Nikkhajoei H, Lasseter RH, Distributed generation interface to the CERTS microgrid. IEEE Trans. 2009;24;3:1598– 1608. 
[12] Loh PC, Li D, Chai YK, Blaabjerg F. Autonomous control of interlinking converter with energy storage in hybrid AC-DC microgrid. IEEE 
Trans. 2013;49;3:1374–1382. 
[13] Ambia MN, Al-Durra A, Muyeen SM. Centralized power control strategy for AC-DC hybrid microgrid system using multi-converter scheme.    
    Conf. IEEE Ind. 2011;843–848. 
[14] Basu AK, Chowdhury SP, Chowdhury S, Paul S. Microgrids: Energy management by strategic deployment of DERs-A comprehensive survey.  
    Renewable Sustain. 2011;15;9:4348–4356. 
[15] Kurohane K, Senjyu T, Yona T, Urasaki N, Funabashi T. A hybrid smart AC/DC power system. IEEE Trans. Smart Grid, 2010;1;2:199–204. 
[16] Salameh ZM, Casacca MA Lynch WA. A mathematical model for lead-acid batteries. IEEE Transactions. 1992;7;1:93-98. 
[17] Villalva MG, Gazoli JR, Filho ER. Modeling and circuit-based simulation of photovoltaic arrays. Power Electronics Conference.               
        2009;1244-1254. 
[18] Ned M, Tore MU, William PR. Power Electronics: Converters, Applications, and Design. 2002; ISBN-10: 0471226939, ISBN-13: 978-  
        0471226932. 
